of the nitrogen cycling has major consequences for other biogeochemical processes and ecosystem functions and services, Voss says.
Recent research has uncovered an apparent imbalance in the nitrogen budget of the oceans, which isn't completely understood yet and may point to additional processes that remain to be discovered. The traditional view that bacterial denitrification is the only significant process removing oxidised nitrogen species from the oceans had to be revised after the discovery of anammox (anaerobic ammonia oxidation) and of denitrifying eukaryotes in tropical waters. Similarly, recent discoveries have also broadened the range of organisms involved in nitrogen fixation in the oceans.
Climate change is closely linked to the marine nitrogen balance, as changes in water temperature and the distribution of dissolved gases are likely to perturb the natural cycles. Conversely, the oceans are a major emitter of N 2 O, accounting for around 30% of the global balance of this compound, which acts as a strong greenhouse gas in the troposphere.
Oxygen-deficient zones in the oceans are of particular interest for the nitrogen balance, because only they can produce a net depletion of reactive nitrogen species. Stoichiometric calculations predict that complete anaerobic removal of organic matter of typical composition should lead to 7% of nitrogen being removed by denitrification and 29% by anammox. However, several studies in such zones in the Arabian Sea have found either much smaller proportions of denitrification or none at all. "There are several alternative explanations for this apparent deviation from theory, but as yet there is no consensus on this issue," says Voss.
"There are still major uncertainties in our understanding of the oceanic cycling of nitrogen," Voss concludes. These affect important issues such as the imbalances in nitrogen input and removal and their effects on ecosystems and biodiversity as well as the release of N 2 O and the mutual influences between the nitrogen cycle and climate change. In short, we are upsetting a system that we are only beginning to understand.
Most of the excess nitrogen from agriculture ends up in coastal waters and has to be denitrified there. "Up to now it seems that the human load is largely removed," says Voss.
"However, when they turn anoxic -a phenomenon often observed along eutrophied coasts -this service of the system may be lost. In a consequence we would upload all the reactive nitrogen to the marine system."
Towards better management
At the satellite meeting on policy implications, experts attempted to tie up all the very diverse effects of human activity on the global and regional nitrogen cycles into a report with policy recommendations, which they aim to release in time for the Planet Under Pressure meeting in March.
"In essence it will call for a global approach to manage nitrogen that recognizes both its critical role in world food security and its polluting effects on air, land and water, from local to global scales," says Mark Sutton from the Centre for Ecology and Hydrology at Edinburgh, who co-organised both meetings. "Finding agreement on better management of nitrogen in agriculture is a key challenge, especially as the global market for crop and animal products is often cited as a reason for not investing in clean nitrogen technologies."
Policy recommendations are also included in the European Nitrogen Assessment, edited by Sutton, Billen, Erisman and others (available as a book or as PDF files from http://www. nine-esf.org/ENA-Book). The document lists five key threats relevant in Europe, namely to water quality, air quality, greenhouse balance, ecosystems and biodiversity, and soil quality. It also recommends seven actions to change policies and management practices in agriculture (improving nitrogen use efficiency in crop production and in animal production, and increasing nitrogen value of manure) transport and industry (reducing emissions), wastewater treatment (recycling nitrogen from wastewater systems) and consumption patterns (energy and transport saving and reducing the consumption of animal protein).
The fact that the complexity of the issue even exceeds climate change, which has already proven a hard sale at the policy front, appears to be the biggest hurdle. As Jan Willem Erisman put it: "We might consider a nitrogen equivalent of the 2 degrees threshold."
Michael Gross is a science writer based at Oxford. Recognition for Margulis came quickly but not without effort. In 967, as 29 year-old Lynn Sagan (then wife of astronomer Carl Sagan), she published On the Origin of Mitosing Cells, an article as famous for its path to press as its scientific content -it was rejected by more than a dozen journals before being accepted by the Journal of Theoretical Biology. On the Origin of Mitosing Cells was a broad-sweeping treatise on the evolution of eukaryotic cells and how their internal complexity had come to be. In it Margulis proposed that specific organelles of eukaryotes -mitochondria, plastids, and the flagellar apparatus -were of endosymbiotic origin, meaning that they had not evolved from within the cell, as was the prevailing view at the time, but rather were derived from bacteria that had entered into a series of intimate symbioses with unrelated hosts. Her hypothesis would be proven correct in the case of mitochondria and plastids but not (or at least, not yet) for flagella.
In 970, Margulis published Origin of Eukaryotic Cells, the book for which she became best known. As with her 967 article, Margulis's book was remarkable for the extent to which it assimilated data from so many different disciplines, including geology, paleontology, ecology, cell biology, microbiology, genetics and biochemistry. Its synthetic nature was to become a hallmark of her other scientific contributions. By the time she had published her book Symbiosis in Cell Evolution in 98, essentially an updated version of Origin of Eukaryotic Cells, the endosymbiont hypothesis was well on its way to becoming textbook fact.
The acceptance of the endosymbiont hypothesis by the scientific establishment was due in large part to the tireless efforts of Margulis. Yet, her timing could not have been better. Originally, most biologists had been reluctant to seriously consider the possibility that something so quintessentially eukaryotic as a mitochondrion could be derived from an endosymbiotic bacterium. By the mid-970s, however, molecular biology had advanced to the point where nucleic acid sequence information could be brought to bear on the question of whether mitochondria and plastids evolved from within the eukaryotic cell or were the result of endosymbiosis. Molecular data emphatically supported the latter. Analyses of small subunit ribosomal RNA molecules by Carl Woese, Linda Bonen, Ford Doolittle, Michael Gray and colleagues revealed that plastid sequences were far more similar to those of cyanobacteria than they were to their counterparts in the nucleus. Mitochondrial small subunit ribosomal RNAs were also found to be bacterial in nature. In time, the sequencing of complete mitochondrial, plastid and nuclear genomes from diverse eukaryotes would bolster the conclusions drawn from early single-gene analyses and reveal the nature and extent of the hostendosymbiont integration that had occurred early in the evolution of both organelles. Mitochondrial and plastid genomes in modern-day organisms retain at most around 200 of the over ,500 genes thought to have been present in their bacterial progenitors. Many of the 'missing' genes now reside in the host nuclear genome.
During the 970s and 980s, Margulis also came to better understand the 'symbiogenetic' ideas put forth many decades before by Russian biologists such as Constantin Mereschkowsky (855 conservative nature of peer-review, the pair relished in pushing the limits of their science. Margulis was often critical of traditional neo-Darwinian interpretations of the causes of major biological change; in Acquiring Genomes (2002) Margulis and Sagan argued that symbiosis, not mutation-driven incremental variation, is the predominant mechanism underlying speciation across all of life, from microbes to mammals. For this and other publications Margulis was admired for her thought-provoking ideas but also criticized for being disconnected from the scientific achievements of modern biology.
A distinct but conceptually related arm of Margulis's research stemmed from her long-standing collaboration with British chemist-environmentalist James Lovelock. Lovelock has for many years advanced the so-called 'Gaia hypothesis', the idea that the entire Earth and everything on it is one living, evolving and self-regulating entity. Margulis began working with Lovelock in the early 970s and, integrating her knowledge of microbiology, they sharpened the hypothesis to include explicit proposals about how the microbial biosphere might regulate abiotic features of the planet, such as its temperature and the chemical composition of its atmosphere. Lovelock likens the Earth to an organism, a sentiment that Margulis herself rejected as being anthropomorphic and unscientific. She described Gaia as a "tough bitch", a complex ecosystem that has been controlling itself for billions of years and will continue to do so long after we humans disappear.
A 99 profile in Science headlined Margulis as "Science's Unruly Earth Mother", "amusing, exasperating, enlightening". In practising her own brand of science, Margulis routinely dismissed results gleaned from reductionist methodologies in favor of holistic approaches to understanding. Like most scientific 'rebels', she simply refused to doubt her own intuition. A prime example is her steadfast belief that the flagellar apparatus of the eukaryotic cell is derived from a symbiotic spirochaete bacterium. A component of her original endosymbiont hypothesis, she spent her whole career trying to prove it. That molecular and genomics-based approaches failed to provide such evidence did not deter her; she preferred to make inferences about how cells might have evolved in the past based on patterns and processes she could observe directly in living organisms. In recent years, and to the dismay of many, Margulis pushed her ideas on spirochaete biology to uncomfortable new extremes: she and colleagues proposed that AIDS and syphilis are in fact one and the same, with the former caused not by HIV but by symbiotic spirochaetes. Swimming against the scientific tide was in Margulis's DNA.
Stubborn and iconoclastic, brilliant and increasingly dogmatic, Lynn Margulis inspired a generation of biologists to think differently about the evolution of cells. For her dedication to the advancement of evolutionary theory Margulis received numerous distinctions, including election to the US National Academy of Sciences in 983, receipt of the National Medal of Science from President Bill Clinton in 999, and the Darwin-Wallace Medal from the Linnean Society of London in 2008. She will no doubt remain an enigma in the eyes of many of her fellow professionals, criticized and praised in equal measure, as she was throughout her career. 
So why did you become a biologist?
Because it began with the letter 'B'. My dance job morphed into running a daycare center and then into teaching kindergarten. I loved this last job and still believe that six-year-olds have perfect minds. However, I made so little money that I had to steal food from the local college cafeteria. So, I became a self-employed carpenter and eventually ended up sharing a large job with a close friend that involved converting an old barn into apartments. This task, which we did not truly know how to accomplish, dragged on for several months, during which time our employer became increasingly paranoid. One day, she confronted my friend with the idea that he was secretly plotting to murder her. He protested, but she wasn't convinced. She went back into the house -we assumed to get her gun -so we quickly packed our tools into my friend's Geo Metro and drove off.
During this drive we decided that we needed real careers. Lacking any better plan, we went through the alphabet. For me, 'A' meant art, so I considered a career in that for about ten miles and eventually decided that I'd be back to stealing food. Biology then popped into my mind, mostly because I'd had an excellent biomechanics course a couple years before, taught by Rachel Merz. We read and criticized actual papers (a first for me), and Rachel's love for the beauty and humor of invertebrates was infectious. Did you always want to be a biologist? It never even crossed my mind. My parents were poor but inventive -growing, building, sewing, and scavenging just about everything we needed. For example, we were one of the few families in the early 970s to have seven telephones, because my dad kept finding broken ones on the curb and fixing them. This gave me a lifelong interest in how things worked and the confidence to tackle any problem. The natural world, however, was farthest from my mind. I grew up in Pittsburgh, which at that time was not the charming museum of the industrial revolution it is now, but instead a functioning factory city with steel mills, soot-blackened buildings, and night skies that were orange with light pollution. Aside from yearly vacations at the beach and occasional trips to national parks, the nature I saw consisted of sidewalk trees, squirrels, and guppies. So, after a brief fantasy of a life in baseball, I always assumed that I would become a physicist like my dadperhaps an astrophysicist, because I was fascinated by cosmology. I remember once asking my dad where he would live if given the whole universe as a choice, and he said that he liked the earth just fine. At that time, I was gunning for life on a neutron star and was intensely disappointed with his answer.
After a childhood as a math/ physics nerd (where I was actually known as a 'mathelete' for a time), I entered college and quickly discovered that my Physics classes
